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Abstract 



PURPOSE:To enable fine working such as photolithography by improving surface shape (morphology) and to improve 
yield by improving characteristics of a semiconductor device. 

CONSTITUTION:Afier a single or a plurality of first compound semiconductor layers are grown on a silicon substrate 1. 
the surface of this first compound semiconductor layer 2 is mirror- polished, and further a single or a plurality of second 
compound semiconductor layers 3, 4, 5... are grown on it, thereby improving surface shape (morphology). Introducing In 
into a growing compound semiconductor layer relaxes dislocation to improve characteristics or prevents punchthrough of 
an etching stopper layer due to dislocation. 
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[0 0 6 4] 30|U6Weti, ffttJUfOgNPfc 5 5 
OnmkUltf, ffiOIO^SfCkSt. ¥&#SSI® 

T'fc£^<»<, Mil iWt©HEMT«:Ba+6» 
[0 0 6 5] 3<7)|Qg^^#iSil®^-;i/iMS$:^ 

AC S iSfi«:Mv^>;:i:fc<GaAs»s±icii- 
«jg(DG a A s M £ JS* b fcS^C&aSSEJ&fc L T v » 
6. 
[00 6 6] 

SlS 7 7K 

5280 2 1400 

5690 30300 

9. 6X 1 OH 8. OX 1 OH 

9. 4 X 1 OH 8. 2X1 OH 
AstlnGaP. InAlAstlnGa 
Asfejffl^et«JiKjiffl-r4ri:*>pMBTft6. *L 
T. rtfgBBWtt. n-AlGaAsf^Mf^Ti: 

0!)HEMTCt(HflBca«T?**ri:»tVO*Tf%»«E 

[0 0 7 0] *£, mtRF-7imS:m$.tZ,GaAs 
/AlGaAs^liGaAs/I nGaP0>l3{CBg 
H-mmXTT'l nAsif&SJttfO. liiLhT'&6I nG 
a AsS?:»A'r6z:i:<koT. Am WaiM^*^ 
flgfcHEMT£jg#**.Ii:#T?S4. *0>gE&ti, ® 



-(7) 

11 

?T£*7«fi#<0I nGaAsJifCI nZmst&t. -f - 

S<fcU. fro, 3tf>I nGa As®tfJJCfctt5S-?£> 

[00 7 1] (&2|Qg0!D 03, 04, 05, 06 

£ffi0>i:gSll9i0"e&5. 300{Cfev^, llfiSi 
Sffi. 1 2liGaAsSllA<y77jf. 13iiA lo.35 
Gao.65As : I nS2/^77f, 14tiAlo.28G 
ao.72Asm3A<v7rS, 1 5{J i — G a A s : In 10 
®?*frS, 1 6lii-Alo.28Gao.72As : I nX 
^-m 1 7«n-Alo.28Ga 0 .72AsS^& 
«. 1 8ttn-GaAs|ll*ir<y7Jf, 19lJn-A 
l0.28Gao.72As : I nX>yf->^x h<y/\*jf. 2 0 
lin-GaAs^^-yyjf, 2 1. 22ltVifXb 
S. 2 3ttE*-S*y-h«i. 2 4»iD=E-K>T*-h 

[0 0 7 2] 30||S6Wi*|6^S:i|i#«t^(BlH^iS 

mi|IS£Wi:ll8T*&£tf. «TC-t©lEiXBfelW! 20 
**. 

[0 0 7 3] SSllS (03#ffiO 
SiS«110±IC, Ga As*l/t«;77f 1 2, A 
10.35Gao.65As : I n£2/1<y77*l 3, Al 
0.28Gao.72AsJg3A«y77JIl 4, i-GaAs : 
InS^^fSl5. i~Alo.28Gao.72As : I n 
W116. n-Alo.28Ga 0 .72As«?#&JI 
17. n-Alo.28 
Gao.72As : I nl>vf >^h7/<ll 9. n-G 
*Asmz* J vy7M20&&SCtZ. 30 

[0 0 7 4] J* 2 IB (04#j8O 

PfcitbT. CCI2 F2 +He^^7»K9Wx.yf- 

^LTE^-Rr'- MI«0>n-GaAsSS2**>y 
2 0 3Wx>yf->^i-e<0TOn-A 

l0.28Gao.72As : I nX>yf->^7. h-y/\*Sl 9<D 
£ffiT'#ih* S. *<D«. NH3 OH : HO2 = 1 : 5 

0#7>^X7^«fcE^Tl#i3iIK7x<y Kx«y 
5 L >^LTE^-Ky-h««On-Alo.28Ga 0 .72 40 

As : I nX-yf->^xh-y/<Sl 9 fe|»4t«. 
[0 0 7 5] SS3Ig (05^80 

U^X hS2 1 £|££U Srfcfcl/S;* Mf2 2£J&£ 

U E^-K^-h«B«i:D=e-K^-h«^JCB8P$: i 
J&£-f5o ifte>®BgDfcill/C«2I«i:HiWC. C 
Cl 2 F 2 +He#*4JT'K^X.yf->?-LT0)E^ 
-K-y-hffi^cCDn-GaAs^l^r-V'yT'Sl 8i:D • 
^_ f^y_ Kflff&En-Ga As^2*-*>y7"JI2 0£ 
9S&tt>. 3OTx-y^>^{i^©T©E^-Ky-h« 
lHc©n-Alo.28Gao.72AsS-?^Sl 7t. D=E 50 ? 
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-Ky-h^lgc(Dn-Alo.28Gao.72As : I nx-y 

*yf7.y vnm 1 9 <7)&&T'W±tz. 

[0 0 7 6] &4JM (06$flg) 

NH3 OH: H0 2 =1 : 5 0 &JB*iT9x<y 
f*X.y*>4aT. E^-hTf-MIWBn-A 1 0 .28 
Ga 0 .72AsS^mSl 70-SPi:. D*- Rf- K 
M^cOn-Alo.28Gao.72As : I nx>yf->y* S 
>yA/f 1 9 fettiff*. N|2 20BSP$:iiL 
T. AlSrSRfU E^-K-y-h«ffi2 3i:D^-K 
10 y-h««2 4fcJR*-r*. l/y^KJI2 2SHaeUfe 
ft. n-GaAsg52*-*<y7"Jf2 0tf)±{;:. ycfC^fig 
L£E*- KY- h«fg2 3 *3J:tf D*- K^- h@f 
2 4 fc^T'-frft-FftV-;*©! i: KW 

[0 0 7 7] 0 6 0>«J&O±gfc*#ft£ «fc TJ^affffifliT 

20. n-GaAsS2*ty7*f 

3 6 0 n m 
K^«£l. 5xlOl8cm-3 
JO 19. n-Alo.28Gao.72As : I ni7f>^h 

J?3 3nm 

K+WE1. 5X1 0l8cm-3 
18. n-GaAs^l^fvT'i 
if 3 7 nm 

KtHSRl. 5X1 0l8 cm -3 
17. n-Al 0 .28Ga 0 .72Asm-?^«&« 
Jf££3 5 nm 

K-rlMEl. 5X 1 0l8 C m-3 
0 16. i -Alo.28Gao.72As : I nX^- 
I32nm 

15. i-GaAs : I nS^fS 
ffSl OOnm 
I njgai o20 cm -3 

14. Alo.28Gao.72As^3y1«y7rS 
SSlOOnm 

!3. Alo.35Gao.65As : I n£2/t.y77jf 
f$200nm 

12. GaAsSl/W77l £32. 5 /ton 
) 1 1. S i£ft 

[0 0 7 8] ^UttR^lHHn^Kft^ll E 
=E- KHEMTfcD*- KHEMT&JMKfcLfc.&Tfc 
»J, -?-<Z>£tf>, Infc*A?*^{MM>fttfltftU 

K-y«iig»©±a5{cx-y^>^ h v*mt lx 

I n££ALfcAlGaAsJfS:#AL£~i:T-&.5. 
I nfe K-^>yLfcJiOfiaBfe«ftlLtii:KJ:y. 

[0 0 7 9] 3(0|QgM©J:^{C#S^gLfeAlGa 
Asf. GaAs«^©X.y^>y^h.y/^{i, 
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*lfclr*£ftx >y f- > ^0>££ ItW m <Z t #T' t 
[0080] 

*i-**ya>a^a4WHwre«awM'u 

IB l ] * l USSflltf) i/'Ja b^^^SB© 
««SS»£tSi<¥I0T-&*. 

[02] ^imm<Ji^)nymit^mmmm. 

[03] «2|^®*/y3>|£(^£4tfHM^0 

wtiimajjtm®® ( i ) -c**. 20 
[04 ] % 2 ntiM03/ y 3 ywrnt^mm-mmi 
m.ma>xmmm (2) -pa*. 

[0 5 ] ft 2 IQSWO 'J 3 >^t;i^^fcgS0) 
S5t^j£©XSISi^0 (3) 7f*4. 
[0 6 ] ft 2 S/ U 3 >SSit^4^«:g«CiD 

ss&umxmffl® (4) 

[07] 1^^U3>il^Mmi^A 
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[08] (A) ~ (F) «. esnecy 3>«fiffc^« 
^«f<DS!fiiIgI&l?!0T'&*. 

[09] MOCVD{C«fcyi/y3>S«±{CO. 60m 
JdtftLfeG a A sS<^©f§$0$l;SfcftT?&S. 

[010] aroesMBEicj:yjaifiixfej/y3>iME 

G a A s Jf 0>^ffi<D A FMJT&SS^JIT'&S. 

[01 1] »SaeMBEKJ:«ja»LfcJ/y3>JBR 
G a A s ®<Z)«ES0>A FMSgS8S»?JtT&-5. 

[012] 01 1©X-X" mzmztSffiMZZniL 

[013] MOCVDJC*»Jj«ftLfe2/y3>»EGa 

a s mv>&m&w> a FMssasregT-fc*. 

[014] 0. 5/imGDGa A sJftf>±ia&RL££/'J 
3 I n G a A s S©S®0> A FMJS»«2£KT-& 
5. 

1 S i 

2 Ga AsAyyrJS 

3 A 1 0.35G a 0.65 A s A-y7 7f 

4 i-GaAs : I nS^ffS 

5 i-Alo.28Gao.72AsX^— 

6 n-Alo.28Gao.72Asmi £ ^« 

7 n-GaAs^77"I 

8 ?- bW& 

9 V-*«fi 

10 KUW>«ffi 



[02] 



[01 2] 



ttffl* 5-166724 



[01] 



9 6 10 



—2 



— 1 



n-Ga As * w 7'S 

n-Ala2«Gao72As 

i -Alo.M&ao72 As % — * IB 

i-GaAs:ln«?igfTS 

AlmsGaofisAs ^->7rJi 

GaAs'<7 7t1 

Si 3Sfi 



100nml K*»j£ 
50nm f I5.l0 18 cm 
2 nm 
1 OOnm -IniftJI 



300nm 
2 . 5nm 



10^ 



m 



8 : V- hfHE 
9 : v-*«ft 

1 o Ku-f >mm 
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[03] 



■20. 



19 



- 17 
-16 

-15 

-H 

-13 
•12 



11 



o 

9 

8 
7 
6 
5 
4 
3 
2 
1 



n-GaAs£2 + * -;7Jg 60nm 

n-Ala28Gaa72As:[n*vf->^ 3nm 
^ h '<Ji 

n-Ga As % 1 + -y 7'I 7nm 

n - Al Q28Gaa72 A s «T-#ta/i 35 nm 

l-Ala28Gao72 As^n*^— -^S 2nm' 

i-GaAs:In«^fra 100nm 

AlojsGaa72As %l'*y y rJI lOOnm 

Alo.35Gaa«5As:In«2'< y 7 78 200 nm 

GaAsSB 1 -»<•? 7 r)i 2.5nm 
Si StS 



.(11) 
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[04] 



XgJftBBH (2) 



--21 



:-19 



.20 



17 



18 



16 



-15 
-14 

13 



12 
11 



2 0 : n-GaAs »2*+?7*Ji 60nm 

t 9 : n-AlazsGa o.72As:Irv=-?^-> ? 3nm 

1 8 : n-Ga As 3S 1 * + 7'B 7nm 

1 7 : n-AlojsGaa72As*^»|&Ji 35nm 

1 6 : i-AIOLMGacm Asdn*- 1 — *HI 2nm 

1 5 : l-GaAs:In«?mfTJi 100nm 

1 4 : Alo»Gaa72As %1'<-i7tM 100nm 

1 3 : Al0L3sGaa«As:!n*2'<? ? rM 200 nm 

1 2 : GaAslBI ^ rJi 2.5*m 
1 1 : Si StS 



15x10'^: 



m 



2 1 : bM 
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[05] 



XS&lflB (3) 



22 



=H9 

-17 
— 1 
f-15 

-H 
-13 



20 
18 
16 



jmuumb 

•12 



L 



— 11 



2 0 
1 9 

1 8 

1 7 



1 1 

2 2 



n-OaAs £2 y 
n-AI<U8Ga072As:In3: ■■jf-> f 

n-GaAs&1 tt-;7'i 
n -Al<m 6a 0.72 Asfc^g® 

i -Al 0.2a Ga 0.72 As :In*-<— -*Jg 

i-GaAs:In«?j£f7JB 
Alo2sGaa72As iJ'<7?7i 
AlaasGa a«sAsinSI 2 >< y 7 r A 
GaAsgM '<?7tM 
Si 5fi 



60nm"lK^S£ , 
3nmf1.5-10%n 3 



7 nm 
35 nm 

2nm 
100nm 
1 OOnm 
200nm 
2.5|im 
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[06] 



23 



24 



22 



-19 



20 



16 



--17 



16 



15 
U 

13 



"M2 



11 



2 0 : n-GaAs*2 + + •vT'S 60nm 

1 9 : n-Alo28Ga(X72As:In^ ? i f-> if 3nm 

1 8 : n-GaAs3S1 * * -^T'S 7nm 

1 7 : n-Ala2«Gaa72 As*?^* 35nm 

1 6 : i-Ata2«Gao.72As:Ir\*^-'*j! 2nm 

1 5 : i-GaAs:frrit?£?rJI 100nm 

1 4 : AtajsGacmAs X&'*v 7 rl 100nm 

1 3 : Ata35Gaa6sAs:lnJ&2'<7 7 rl 200nm 

1 2 : GaAs*1 7 7 M 2.5)tm 
1 1 : S J «R 



2 2 : ui-'* hJI 
2 3 : E*-K^- h 
2 4 : D*- K«r- h 



1.5x10 



3 



.(15) 
[08] 



WIN- 5- 1 66 7 24 



(A) 



si m 
iooo*c am. 



3-31 



(B) 



(C) 



(D) 



Si- Si- Si -Si 
Si-Si- Sl-Si 
Si-Si-Si-SVSi-Si-Si 
Si- Si- Si-Si -Si-Si-Si 



32 



^ ^ 



}-3, 



33 



J-31 



(E) 



34 
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-3! 



(F) 




.(16) 
[09] 



mPf- 5- 1 6 6 7 24 



MOC VDi: l His >Sffi±$C0 . 6 pmttftL.*- 
G a A s ®£0£ffittt a /)SlJSS* 




0' 1 ! ! 1 

400 500 600 700 800 



Growth temperature (*C) 
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[013] 




[014] 




